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METHOD AND APPARATUS FOR
DETERMINING INFORMATION
ASSOCIATED WITH A PARTICULAR
MULTICAST CHANNEL IN A MULTICAST
NETWORK

BACKGROUND OF THE

INVENTION

1. Field of the Invention

Embodiments of the present invention generally relate to
multicast networks. More particularly, embodiments of the
present mmvention relate to method and apparatus for deter-
mimng information associated with a particular multicast
channel 1n a multicast network.

2. Related Art

Data, voice, and video services have traditionally been
delivered to business and residential locations through differ-
ent mediums (e.g., telephone lines, cable television, broad-
cast television, data networks, etc.). However, the growth of
Internet Protocol (IP) technology now enables the integration
and delivery of data, voice, and video through an IP-based
network. This integration makes available new revenue gen-
crating opportunities to meet the demand from existing cus-
tomers and new customers for data, voice, and video services
through an IP-based network. As the same time, several issues
arise 1n deploying these IP-based networks. In particular,
video services provided by IP-based networks pose delivery-
type 1ssues and measurement-type 1ssues. The delivery-type
1ssues relate to the manner of delivering the video services
while measurement-type 1ssues relate to the manner of track-
ing or monitoring the number of customers/users receiving
the video services.

With respect to delivery-type 1ssues, there are primarily
three ways to deliver video services via packets from one
node to the other nodes in the IP-based network: unicast,
broadcast, and multicast. Unicast delivery requires the source
node to address each destination node individually with the
destination IP address. If one source node needs to deliver the
video services to three destination nodes, for example, the
source node has to make three copies ol the packets and has to
deliver one to each destination node individually. This may be
sufficient for low bandwidth video services. However, for
delivering typical video services requiring high bandwidth
video streams (e.g., multiple megabits per second per
stream), 1t becomes an un-scalable and inefficient solution.

In broadcast delivery, the source node sends one copy of
cach packet and addresses it to a broadcast IP address. The
broadcast IP address 1s not umique to a destination node.
Instead, the broadcast IP address causes the packet to be sent
to all downstream nodes within the scope of the broadcast IP
address. Fach downstream node 1s required to examine the
packets and process them 1f they are relevant to the down-
stream node. However, the downstream node disregards the
packets 1f they are not relevant to the downstream node. This
may relieve the burden on the source nodes since the source
nodes do not have to duplicate the packets for each down-
stream node. Unfortunately, 1t leads to a waste of resources at
some downstream nodes. That 1s, 1f a downstream node does
not care about the packets, it still needs to spend resources to
examine and discard the packets. The broadcast delivery also
wastes network bandwidth as well. In particular, 1f a node 1s
an itermediate node between the source node and the dest-
nation node, the intermediate node needs to forward the pack-
ets to 1ts downstream neighbor node, even though 1ts down-
stream neighbor node may not care about the packet tratfic
being forwarded to 1t.
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The third delivery method 1s multicast. Multicast 1s based
on the concept of a multicast group. An arbitrary group of
nodes may want to receive a particular packet stream. This
group 1s not limited to any physical or geographical bound-
aries. A node wanting to recerve the particular packet stream
being delivered to a multicast group joins the multicast group
using a protocol (e.g., the Internet Group Management Pro-
tocol (IGMP)). A multicast address specifies a multicast
group of nodes that have joined the multicast group and want
to receive particular packet stream traific sent to the multicast
group. Another multicast address 1s utilized for another mul-
ticast group having nodes that want to receive different packet
stream traffic. That 1s, each multicast address may be consid-
ered to be a separate multicast channel. In multicast delivery,
a multicast network 1s created to control the path that multi-
cast packet tratfic takes to deliver the appropriate multicast
packets to all nodes of the appropriate multicast group. That
15, the multicast network 1s an IP-based network that utilizes
multicast functionality and nodes configured to operate in a
multicast network environment to form a multicast distribu-
tion tree for appropriately delivering multicast packets to all
nodes of the appropriate multicast group. In a multicast net-
work, a source node sends one copy of each packet and
addresses it to a multicast address. The multicast network 1s
responsible for forwarding each packet to each node 1n the
multicast group associated with the multicast address.

Since multicast delivery provides elfficient use of network
bandwidth by delivering packets to the nodes that want to
receive them, multicast delivery 1s the solution for many
delivery-type 1ssues raised by offering video services via
IP-based networks. Specifically, multicast delivery makes
feasible the delivery of broadcast-type video services. A
broadcast-type video service refers to video content (e.g., live
or recorded programs) delivered on a time schedule to anyone
wanting to view the video content, which 1s analogous to
broadcast television or cable television in that the user/viewer
tunes to a particular channel to view the video content instead
of individually requesting delivery of the video content.

With respect to measurement-type 1ssues, the broadcast-
type video service creates the need to track or monitor the
number of users receiving particular video content via an
IP-based network at any point in time. This information 1s
useful for several reasons. First, the amount of interest in
particular video content may be utilized by video content
providers in their dealings with advertisers and may be uti-
lized to understand the value placed on the video service by
users. Secondly, this information facilitates the efficient allo-
cation of network resources to meet the usage patterns of the
video service by users.

Broadcast television and cable television have traditionally
relied on several methods to collect viewer information for
individual television programs. These traditional methods
include placing monitoring devices 1n selected viewer loca-
tions, sending diaries to selected viewers to record television
programs viewed, and interviewing by telephone selected
viewers about their television viewing patterns. In general,
these traditional methods are time-consuming and expensive.
Moreover, these traditional methods focus on gathering
detailed information from a representative sample of viewers
instead of gathering information from all viewers.

While 1t 1s possible to use these traditional methods to track
or monitor the number of users receiving particular video
content via an IP-based network at any point in time, the
disadvantages of these traditional methods will not disappear.
Moreover, numerous techniques have been developed that
utilize the infrastructure of the IP-based network to track or
monitor the number of users receiving particular video con-
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tent via the IP-based network. Unfortunately, these tech-
niques use a significant amount of network bandwidth
because they require all nodes of multicast groups to be
individually polled by a central monitoring unit or to indi-
vidually report to the central monmitoring unit 1n a unicast
manner, leading to network bandwidth inefficiencies and net-
work traffic bottlenecks. This occurs because even 11 a node 1s
a member of a multicast group, no user of the video service
may actually be receiving the particular video content from
the node.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and form a part of this specification, illustrate embodiments
of the invention and, together with the description, serve to
explain the principles of the present invention.

FIG. 1 1llustrates a multicast network 1n accordance with an
embodiment of the present invention.

FI1G. 2 1llustrates a flow chart showing a request phase of a

method of determining information associated with a particu-
lar multicast channel 1n a multicast network 1n accordance

with an embodiment of the present invention.

FIG. 3 illustrates the request phase of FIG. 2 performed in
a multicast network 1n accordance with an embodiment of the

present invention.

FI1G. 4 1llustrates a flow chart showing a response phase of
a method of determining information associated with a par-
ticular multicast channel 1n amulticast network in accordance
with an embodiment of the present invention.

FI1G. 5 1llustrates the response phase of FI1G. 4 performed in
a multicast network 1n accordance with an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated 1n the accompanying drawings. While the mven-
tion will be described in conjunction with the preferred
embodiments, 1t will be understood that they are not intended
to limit the invention to these embodiments. On the contrary,
the invention 1s intended to cover alternatives, modifications
and equivalents, which may be included within the spirit and
scope of the mvention as defined by the appended claims.
Furthermore, in the following detailed description of the
present mvention, numerous specific details are set forth in
order to provide a thorough understanding of the present
invention.

Unlike the methods and techniques discussed above for
determining information related to use of a video service
provided by an IP-based network, the present mvention 1s
directed to determiming that information (information related
to use of a video service provided by an IP-based network) in
a network bandwidth efficient manner that saves time and
resources (financial and network). Although the discussion
will focus on determining the number of users recerving video
content via a particular multicast channel of a multicast net-
work at a particular point 1n time, the mvention 1s also appli-
cable to determining other types of information and 1s appli-
cable to other types of networks. This information 1s useful 1n
gaining an understanding of the popularity of video content
delivered via any of the multicast channels of the multicast
network. Moreover, this information 1s usetul to help run a
more efficient multicast network based on video service
usage patterns of the users.
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As discussed above, multicast delivery 1s more elficient
than unicast delivery or broadcast delivery for delivering
video content since particular video content 1s delivered only
to users that have joined or subscribed to a particular multi-
cast channel providing the particular video content. In gen-
cral, the multicast delivery mechanism establishes efficient
network paths to deliver the video content to the users. The
user recerves the video content through some type of device.
This device 1s made a member of the multicast group associ-
ated with the particular multicast channel, wherein the device
represents a type of end node. As discussed above, multicast
delivery makes feasible the broadcast-type video service,
which refers to delivering video content (e.g., live orrecorded
programs) on a time schedule to anyone wanting to view the
video content. That 1s, each multicast channel may deliver
broadcast-type video, which 1s analogous to a broadcast tele-
vision channel or cable television channel.

Rather than designing new mechanisms and network paths
to collect information from the multicast network, the exist-
ing multicast delivery mechanism and network paths used by
the multicast channels are utilized to query and determine the
number of users recerving video content via the multicast
channels of the multicast network at any point in time. That 1s,
queries for information submitted to the multicast network
will follow the efficient and effective network paths already
established by the multicast network. Moreover, a query for
information about a specific multicast channel will only reach
nodes subscribed to the specific multicast channel. A top node
(associated with the specific multicast channel) may receive
the query and then send 1t to one or more downstream nodes
based on the multicast topology of the multicast network and
the specific multicast channel. Each downstream node sends
the query to respective downstream nodes based on the mul-
ticast topology of the multicast network and the specific mul-
ticast channel. This downstream query process proceeds 1n a
recursive manner and continues until the end nodes of the
specific multicast channel are reached.

The response (including the requested information) to this
query for information will traverse the same path that the
query traverses but in the reverse direction. That 1s, the path of
the response will move upstream (towards the video content
source node) while the path of the query will move down-
stream (away from the video content source node). In particu-
lar, each node associated with a specific multicast channel
will send a response to a respective upstream node that had
originally forwarded downstream the query to the node. At
the upstream node, the requested information from the
responses 1s accumulated and then sent 1n a response to
another upstream node that had originally forwarded down-
stream the query to the upstream node. This upstream
response process continues until a top node 1s reached. The
top node accumulates the requested information from
received responses and sends 1t 1n a response to the source of
the query for information. This response then has the number
ol users recerving video content via a specific multicast chan-
nel of the multicast network at a point 1n time.

FIG. 1 1llustrates a multicast network 100 1n accordance
with an embodiment of the present invention. In general, the
topology of an IP-based network can be very complex. There
are numerous variants for a link (e.g., DSL, 10/100/1000
Ethernet, optical etc.) to the IP-based networks. The link can
be comnected 1n accordance with one of various physical
topologies (e.g., star topology, mesh topology, point-to-point
topology, etc.). One characteristic of implementing the mul-
ticast network 100 over a physical network 1s that regardless
of what the physical topology might be, each multicast group
of the multicast network 100 always follows a logical tree
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structure, wherein each multicast group has an associated
multicast address representing a multicast channel. As
depicted in FIG. 1, the logical tree structure starts from source
node SN and propagate down to its leaves and the leaves that
follow the leaves, etc. 5

The multicast topology of the multicast network 100
includes a source node, a top node TN, a plurality of inter-
mediate nodes IN1-IN10, a plurality of end nodes EN1-ENS,
and a monitoring unit 20. It should be understood that other
multicast topologies are possible. The top node TN, the inter- 10
mediate nodes IN1-IN10, and the end nodes EN1-ENS
include a network intertace configured to operate 1n a multi-
cast network and a multicast channel monitoring module 10
implemented in hardware, soiftware, or a combination
thereot. Further, source node SN, the top node TN, the inter- 15
mediate nodes IN1-IN10, and the end nodes EN1-ENS8 are
configured to operate 1n the multicast network 100, which
supports multicast channel A and multicast channel B.

One network path for multicast channel A 1includes the top
node TN, intermediates nodes IN1 and IN2, and end node 20
EN7. Another network path for multicast channel A includes
the top node TN, intermediates nodes IN3, INS, and IN6, and
end node EN3. Yet another network path for multicast channel
A 1ncludes the top node TN, intermediates nodes IN7 and
INS8, and end node ENS. 25

One network path for multicast channel B includes the top
node TN, intermediates nodes IN3 and IN4, and end node
EN1. Other network paths for multicast channel B include the
top node TN, imntermediates nodes IN3, INS, and IN6, and end
node EN2 or end node EN4. Yet another network path for 30
multicast channel B includes the top node TN, intermediates
nodes IN7 and IN9, and end node ENS. Still, yet another
network path for multicast channel B includes the top node

TN, intermediates nodes IN7, IN9, and IN10, and end node
ENG. 35
The source node SN 1s the source of content (e.g., video

content) for the multicast channels A and B. For example,
source node SN may be a live TV acquisition station. It may
take 1n analog TV feeds from over-the-air antenna, or from a
satellite feed. In an embodiment, the mcoming program 40
streams from the feeds are encoded, compressed, and placed
onto some transport streams (e.g., MPEG-2/transport stream/
UDP, or AVC/RTP/UDP). Each program stream 1s then sent
with 1ts own multicast address out onto the tree structure of
multicast network 100, wherein each multicast address cor- 45
responds to a multicast channel. In another embodiment, the
source node SN may represent another subnet where the
multicast streams are already available and fed to source
node’s SN output.

Multicast channel A represented by the solid line and mul- 50
ticast channel B represented by the broken line demonstrate
the concept of mixed multicast channel subscription. They
may be two different multicast transmission paths (e.g., solid
line represents the path for all the packets destined for mul-
ticast address 224.10.10.4 will follow, broken line represents 55
the path for all the packets destined for multicast address
224.30.30.1 will follow).

The monitoring unit 20 enables the generation of a request
message requesting information associated with a particular
multicast channel of the multicast network 100. For example, 60
the requested information may be the number of users receiv-
ing a specific multicast channel (and its content) of the mul-
ticast network 100 at a point 1n time. Further, the monitoring,
unit 20 enables the request message to be sent to the multicast
network 100. In practice, a separate request message 1s gen- 65
erated for each multicast channel. In an embodiment, the
generation of the request message may be prompted by a

6

network operator of the multicast network 100. In another
embodiment, the request message may be automatically gen-
crated at specific time 1intervals so that a graph of the
requested information may be created. Furthermore, the
monitoring unit 20 receiwves the response (including the
requested imnformation) from the multicast network 100.

Continuing, the top node TN 1s the first node 1n the multi-
cast network 100 to receive the request message from the
monitoring unit 20. The top node TN 1nitiates the propagation
downstream of the request message 1n a recursive manner via
the multicast topology of the multicast network 100. In par-
ticular, the top node TN generates an other request messages
for downstream network nodes (e.g., intermediate nodes IN1,
IN 3, and IN7) depending on the multicast channel from
which imnformation 1s sought. Further, the top node TN 1s the
last node 1n the multicast network 100 and generates the
response message including the requested information for
sending to the monitoring unit 20, wherein this response
message accumulates the results from the responses received
by the top node TN from downstream nodes (e.g., intermedi-
atenodes IN1, IN 3, and IN7). In an embodiment, the top node
TN 1s a router. Alternatively, the top node TN 1s a switch that
has some hardware/soitware intelligence to process the
request message and to accumulate the results from responses
received by the top node TN from downstream nodes 1nto a
response message for the monitoring unit 20.

The intermediate nodes IN1-IN10 may be routers or
switches. They participate 1n propagating downstream the
request message from the monitoring unit 20 and 1n propa-
gating upstream the response for the monitoring unit 20.

Again referring to FIG. 1, the end nodes EN1-ENS8 repre-
sent the last leaves on the multicast tree structure. In an
embodiment, an end node may be a residential gateway (RG)
device. Alternatively, an end node may be a set-top-box
(STB) or a computer. Typically, the user recetves a multicast
channel from an end node.

Further, the multicast channel monitoring module 10
facilitates a node (e.g., top node, intermediate node, or end
node) to propagate downstream the request message request-
ing imformation associated with a multicast channel of the
multicast network 100 1n a recursive manner via a multicast
topology of the multicast network 100. Moreover, the multi-
cast channel monitoring module 10 facilitates the node (e.g.,
top node, mntermediate node, or end node) to propagate
upstream a response to the request message via the multicast
topology to generate a response message including the
requested information associated with the multicast channel.

As will be described below, the request messages take the
downstream path of the multicast traffic for a specific multi-
cast channel once. Further, the response travels up the multi-
cast topological tree once. These two characteristics make
sure a minimum network tratfic overhead 1s imposed on the
multicast network 100 as a whole.

FIG. 2 illustrates a flow chart 200 showing a request phase
of a method of determining information associated with a
particular multicast channel 1n a multicast network 1n accor-
dance with an embodiment of the present invention. Refer-
ence 1s made to FIG. 3, which illustrates the request phase of
FIG. 2 performed in a multicast network 100 in accordance
with an embodiment of the present invention. In an embodi-
ment, the present mvention 1s 1implemented as computer-
executable instructions for performing the request phase of
this method. The computer-executable instructions can be
stored 1n any type of computer-readable medium, such as a
magnetic disk, CD-ROM, an optical medium, a tfloppy disk, a
tflexible disk, a hard disk, a magnetic tape, a RAM, a ROM, a
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PROM, an EPROM, a flash-EPROM, or any other medium
from which a computer can read.

Here, the particular multicast channel 1s multicast channel
B. Moreover, the information 1s the number of users currently
receiving multicast channel B.

At Block 210, the monitoring unit 20 generates a request
message 30 (FIG. 3) requesting information associated with
the multicast channel B, wherein the information 1s the num-
ber of users currently receiving multicast channel B. The
generation of the request message 30 may be prompted by a
network operator of the multicast network 100. Alternatively,
the request message 20 may be automatically generated at
specific time intervals so that a graph of the requested infor-
mation may be created.

Continuing, at Block 220, the monitoring unit 20 sends the
request message 30 to the multicast network 100.

At Block 230, a node of the multicast network 100 recetves
the request message 30. Here, the top node TN recerves the
request message 30. The top node TN 1nitiates the propaga-
tion downstream of the request message 30 in a recursive
manner via the multicast topology of the multicast network
100. Alternatively, the request message 30 may be sent to any
node of the multicast network. This enables the determination
of localized information about a specific multicast channel.

Further, at Block 240, the node generates an additional
request message for each downstream node that 1s 1n a net-
work path of multicast channel B and that 1s below the node.
Each additional request message requests the number of users
currently recetving multicast channel B. In FIG. 3, the top
node TN generates additional request messages for interme-
diate nodes IN3 and IN7. Also, at Block 240, the node (top
node TN from FIG. 3) sets a timeout value.

Moreover, at Block 250, the node sends each additional
request message to 1ts downstream nodes based on the mul-
ticast topology of the multicast network and the multicast
channel B. In FIG. 3, the top node TN utilizes the multicast
address for multicast channel B to send each additional
request message to mtermediate nodes IN3 and IN7 respec-
tively. That 1s, the additional request messages use the estab-
lished downstream network paths utilized by multicast traific
for multicast channel B. Thus, the additional request mes-
sages are sent the same way as the multicast traffic for mul-
ticast channel B. Each additional request message indicates
which node (top node TN from FIG. 3) sent the messages to
provide a trace for the downstream node to send back a
response message later on.

At Block 260, each downstream node recerves the request
message sent by the node. In FIG. 3, intermediate nodes IN3
and IN7 receive the request messages sent by the topnode TN.
At Block 270, 1t 1s determined whether any downstream node
from Block 260 1s an end node. If the downstream node 1s an
end node, the bottom of a downstream network path for
multicast channel B 1s reached, terminating the request phase
for this downstream network path for multicast channel B. If
the downstream node 1s not an end node, Blocks 240-270 are
repeated using the downstream node. When the bottom of
cach downstream network path for multicast channel B 1s
reached, the entire request phase ends at Block 280. In FIG. 3,
the downstream nodes (e.g., intermediate nodes IN3 and IN7)
are not end nodes. Thus, Blocks 240-270 are repeated until
end nodes EN1, EN2, EN4, ENS, and EN6 of multicast chan-
nel B are reached.

FIG. 4 1llustrates a flow chart 400 showing a response
phase of a method of determining immformation associated
with a particular multicast channel in a multicast network in
accordance with an embodiment of the present invention.
Reference 1s made to FIG. 5, which 1llustrates the response

10

15

20

25

30

35

40

45

50

55

60

65

8

phase of FIG. 4 performed in a multicast network 100 1n
accordance with an embodiment of the present invention. In
an embodiment, the present invention 1s implemented as com-
puter-executable instructions for performing the response
phase of this method. The computer-executable nstructions
can be stored 1n any type of computer-readable medium, such
as a magnetic disk, CD-ROM, an optical medium, a floppy
disk, a flexible disk, a hard disk, a magnetic tape, a RAM, a
ROM, a PROM, an EPROM, a flash-EPROM, or any other
medium from which a computer can read.

Here, the particular multicast channel 1s multicast channel
B. Moreover, the information 1s the number of users currently
receiving multicast channel B. A response to the request
message 30 1s propagating upstream via the multicast topol-
ogy of the multicast network 100 to generate a response
message 40 including the requested information associated
with multicast channel B.

At Block 410, each end node (e.g., end nodes EN1, EN2,
EN4, EN5, and EN6 of FIG. 5) of multicast channel B 1n
multicast network 100 generates a response message 1nclud-
ing at least a portion of the requested information associated
with multicast channel B. In FI1G. 5, eachend node EN1, EN2,
EN4, ENS, and EN6 of multicast channel B calculates the
number of users currently recerving multicast channel B from
the respective end node.

Ideally, an end node 1s the last device in a downstream
network path for multicast channel B. For example, it may be
a set-top-box (STB) or a computer that a user uses to watch
multicast channel B. Moreover, the end node 1s configured to
know that 1t 1s the last device and, therefore, should start
generating the response back to the top of the multicast topo-
logical tree.

Alternatively, a second-to-the-last device may be the end
node. For example, the residential gateway (RG) may be the
last node. It 1s configured to know what 1s coupled down-
stream from 1t and what channel(s) 1t 1s currently distributing
to the set-top-boxes (STB) or computers. Based on this
knowledge, the residential gateway (R(G) calculates the num-
ber of users currently recerving multicast channel B and starts
generating the response back to the top of the multicast topo-
logical tree.

A third alternative 1s to have a network edge device (e.g., a
Digital Subscriber Line Access Multiplexer (DSLAM)) be
the end node. However, the granularity and accuracy of the
requested 1nformation are loosened. Instead of knowing
exactly how many set-top-boxes and computers are receiving
multicast channel B, one may only find out how many house-
holds are currently subscribed to multicast channel B. This
may be suificient in some cases.

In any case, the end nodes accept and recognize the request
messages from the upstream nodes. They then add up the
number of multicast streams for multicast channel B that that
they are currently distributing. If the end node 1s a set-top-box
(STB), the number of users currently receiving multicast
channel B 1s 1. Each end node generate a response including
the number of users currently receiving multicast channel B.
In FIG. 5, the end nodes EN1, EN2, EN4, ENS, and EN6 of

multicast channel B are set-top-boxes (STB). Hence, the end
nodes EN1, EN2, EN4, EN5, and EN6 generate a response
message having 1 as the number of users currently recerving
multicast channel B.

Continuing with FIG. 4, at Block 420, each end node sends
its response message to a respective upstream node based on
the multicast topology of the multicast network 100 and the
multicast channel B. That 1s, the respective upstream node 1s
the node that originally sent the request message to the end
node. The request message indicates which node sent the
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request messages to provide a trace for the end node to send
back a response message. In FIG. 5, end node EN1 sends its
response to intermediate node IN4 while end node EN2 sends
its response to intermediate node IN6. End node EN4 sends
its response to itermediate node IN6 while end node ENS
sends 1ts response to mntermediate node IN9. Further, end
node EN6 sends 1ts response to intermediate node IN10.

At Block 430, an upstream node receives the response
message. In FIG. 5, the upstream nodes from the end nodes
(e.g., end nodes EN1, EN2, EN4, ENS, and EN6) for multi-
cast channel B are intermediate nodes IN4, IN6, IN9, and
IN10.

Moreover, at Block 440, 1t 1s determined whether each
upstream node has received an expected number of response
messages based on the multicast topology of the multicast
network 100. That 1s, each upstream node expects to receive
the same number of response messages as the number of
request messages that 1t sent downstream. Moreover, 1t 1s
determined whether the timeout value of the upstream node
has elapsed.

In one embodiment, 11 the upstream node receives the
expected number of response messages, the upstream node
generates an other response message including an accumula-
tion of the number of users currently recerving multicast
channel B from each received response message, at Block
450. If a timeout value of the upstream node elapses, the
upstream node generates an other response message includ-
ing an accumulation of the number of users currently receiv-
ing multicast channel B from each recerved response mes-
sage, at Block 450.

As 1llustrated 1n FIG. 5, the intermediate node IN4 has
accumulated the number of users currently receiving multi-
cast channel B from end node EN1 while imntermediate node
IN6 has accumulated the number of users currently receiving
multicast channel B from end nodes EN2 and EN4. The
intermediate node IN10 has accumulated the number of users
currently receiving multicast channel B from end node EN6
while intermediate node IN9 has accumulated the number of
users currently recerving multicast channel B from end node
ENS and intermediate node IN10.

Referring again to FIG. 4, at Block 460, it 1s determined
whether the upstream node 1s the top node TN of the multicast
network 100. If the upstream node 1s the top node TN of the
multicast network 100, the top of the multicast network 100
has been reached and the response phase proceeds to Block
4'70. If the upstream node 1s not the top node TN of the
multicast network 100, Blocks 420-460 arc repeated using the
upstream node. When the top of the multicast network 100
has been reached, the response phase ends proceeds to Block
470. In FIG. 5, none of upstream nodes (e.g., intermediate
nodes IN4, IN6, IN9, and IN10) 1s the top node TN of the
multicast network 100. Thus, Blocks 420-460 are repeated
until the top (top node TN) of the multicast network 100 has
been reached.

Furthermore, at Block 470, the top node TN sends the
response message 40 generated at Block 450 to the monitor-
ing unit 20. This response message 40 includes the requested
information, which 1s an accumulation of the number of users
currently receiving multicast channel B from the responses
received by the top node TN from downstream nodes (e.g.,
intermediate nodes IN3 and IN7). In FIG. 5, the top node TN
sends a response message having 5 as number of users cur-
rently recerving multicast channel B now.

The foregoing descriptions of specific embodiments of the
present invention have been presented for purposes of illus-
tration and description. They are not intended to be exhaus-
tive or to limit the ivention to the precise forms disclosed,
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and many modifications and variations are possible 1in light of
the above teaching. The embodiments were chosen and
described 1n order to best explain the principles of the mnven-
tion and 1ts practical application, to thereby enable others
skilled 1n the art to best utilize the invention and various
embodiments with various modifications as are suited to the
particular use contemplated. It 1s intended that the scope of
the invention be defined by the Claims appended hereto and
their equivalents.
What 1s claimed 1s:
1. A method of determining information associated with a
particular multicast channel 1n a multicast network compris-
ing a plurality of multicast channels, said method comprising:
transmitting a program to a plurality of endpoints associ-
ated with said particular multicast channel, wherein said
program 1s transmitted by a source node of said multi-
cast network via a multicast topology of said particular
multicast channel;
generating a request message requesting said information
associated with said particular multicast channel;

propagating downstream said request message 1n a recur-
stve manner via said multicast topology of said particu-
lar multicast channel, wherein said request message 1s
propagated downstream after said program has begun to
transmiut;
propagating upstream a plurality of response messages to
said request message via said multicast topology of said
particular multicast channel, wherein said plurality of
response messages are propagated 1n response to said
request message, and wherein said plurality of response
messages comprises a number of said plurality of end-
points recerving said program transmission; and

identifying said number of said plurality of endpoints
receiving said program transmission via said multicast
topology of said particular multicast channel based on
said plurality of response messages.

2. The method as recited in claim 1, wherein said propa-
gating downstream said request message 1n a recursive man-
ner comprises:

recerving said request message at a node of said multicast

network;

generating an other request message requesting said infor-

mation associated with said particular multicast chan-
nel;

sending said other request message to a downstream node

based on said multicast topology and said particular
multicast channel, wherein said other request message
comprises an i1dentification of said node that sent said
other request to provide a trace to send said node a
response; and

recerving said other request message at said downstream

node.

3. The method as recited in claim 2, wherein said propa-
gating downstream said request message 1n a recursive man-
ner further comprises:

until said downstream node comprises an end node of said

multicast network, repeating said generating said other
request message, said sending said other request mes-
sage to a downstream node, and said receiving said other
request message at said downstream node.

4. The method as recited in claim 1, wherein said propa-
gating downstream said request message 1n a recursive man-
ner cComprises:

setting a timeout value at one or more nodes of said mul-

ticast network; and

wherein said propagating upstream said plurality of

responses to said request message comprises:
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at an end node of said multicast network, generating a
response message comprising said number of said plu-
rality of endpoints recerving said program transmission
from said end node;

sending said response message to an upstream node based
on said multicast topology and said particular multicast
channel;

receiving said response message at said upstream node;
and

after said timeout value elapses, accumulating said number
of said plurality of endpoints receiving said program
transmission from each recerved response message.

5. The method as recited 1n claim 1, wherein said propa-
gating upstream said plurality of responses to said request
message turther comprises:

at an end node of said multicast network, generating a
response message comprising said number of said plu-
rality of endpoints recerving said program transmission
from said end node;

sending said response message to an upstream node based
on said multicast topology and said particular multicast
channel;

receiving said response message at said upstream node;
and

after said upstream node receives an expected number of
response messages irom one or more end nodes based on
said multicast topology, accumulating said number of
endpoints receiving said program transmission from
said expected number of response messages.

6. The method as recited 1n claim 1, wherein said particular
multicast channel comprises a total number of registered
endpoints, and wherein said number of said plurality of end-
points receving said program transmission 1s less than said
total number of registered endpoints.

7. An apparatus comprising:

means for transmitting a multimedia program to a plurality
of endpoints via a multicast topology associated with a
particular multicast channel of a multicast network;

means for propagating downstream a request message 1n a
recursive manner via said multicast topology of said
particular multicast channel, wherein said request mes-
sage requests information associated with receipt of said
multimedia program on said particular multicast chan-
nel, and wherein said request message 1s propagated
alter said multimedia program has begun to transmiut;

means for propagating upstream a plurality of response
messages to said request message via said multicast
topology of said particular multicast channel, wherein
cach of said plurality of response messages comprises a
number of said plurality of endpoints receiving said
program transmission; and

means for monitoring said multicast network to i1dentily
said number of said plurality of endpoints recerving said
program transmission via said multicast topology of said
particular multicast channel based on said plurality of
response messages.

8. An apparatus comprising:

a network interface configured to operate in a multicast
network; and

a multicast channel monitoring module, wherein said mul-
ticast channel monitoring module facilitates said appa-
ratus to propagate downstream a request message
requesting information associated with a particular mul-
ticast channel of said multicast network 1n a recursive
manner via a multicast topology of said multicast net-
work, wherein said requested imnformation comprises a
number of users recerving said particular multicast
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channel, wherein said multicast channel monitoring
module facilitates said apparatus to propagate upstream
a response to said request message via said multicast
topology to generate a response message including said
requested mformation associated with said particular
multicast channel, and wherein said multicast channel
monitoring module receives said request message, gen-
crates an other request message requesting information
associated with said particular multicast channel, sets a
timeout value, and sends said other request message to a
downstream node of said multicast network based on
said multicast topology and said particular multicast
channel.

9. The apparatus as recited 1in claim 8, wherein said multi-
cast channel monitoring module receives said request mes-
sage from an upstream node of said multicast network.

10. The apparatus as recited 1n claim 9, wherein said appa-
ratus comprises an end node of said multicast network, and
wherein said response comprises a number of endpoints
receiving a multimedia program transmission from said end
node for said particular multicast channel.

11. An apparatus comprising;:

a network interface configured to operate in a multicast

network; and

a multicast channel monitoring module, wherein said mul-

ticast channel monitoring module facilitates said appa-
ratus to propagate downstream a request message
requesting information associated with a particular mul-
ticast channel of said multicast network 1n a recursive
manner via a multicast topology of said multicast net-
work, wherein said information comprises a number of
users receiving said particular multicast channel,
wherein said multicast channel monitoring module
facilitates said apparatus to propagate upstream a
response to said request message via said multicast
topology to generate a response message including said
requested mformation associated with said particular
multicast channel, and wherein said multicast channel
monitoring module generates an other response mes-
sage mncluding at least a portion of said requested infor-
mation associated with said particular multicast chan-
nel, and sends said other response message to an
upstream node of said multicast network based on said
multicast topology and said particular multicast chan-
nel.

12. The apparatus as recited in claim 11, wherein said
multicast channel monitoring module recerves said response
message from a downstream node of said multicast network,
and wherein said other response message mcludes an accu-
mulation of said number of users recerving said particular
multicast channel when an expected number of response mes-
sages based on said multicast topology 1s recerved.

13. The apparatus as recited in claim 11, wherein said
multicast channel monitoring module sets a timeout value,
receives said response message from a downstream node of
said multicast network, and wherein said other response mes-
sage includes an accumulation of said number ol users recerv-
ing said particular multicast channel when said timeout value
clapses.

14. A computer-readable medium having instructions
stored thereon, wherein 11 the 1nstructions are executed by at
least one device, the at least one device 1s configured to:

propagate to a plurality of downstream nodes a request

message requesting information associated with a
receipt of a multimedia program on a particular multi-
cast channel of a multicast network, wherein said
request message 1s propagated on said particular multi-
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cast channel of said multicast network via a multicast
topology of said multicast network, wherein said request
message 15 propagated after at least a portion of said
multimedia program has been received on said particular
multicast channel; 5

monitor said multicast network to i1dentily a plurality of
response messages to said request message; and

identily a number of users recerving said multimedia pro-

gram on said particular multicast channel according to a
number of users identified 1n each of said plurality of 10
response messages, wherein said plurality of response
messages are propagated to an upstream node via said
multicast topology associated with said particular mul-
ticast channel.

15. The computer-readable medium as recited in claim 14,
wherein said request message 1s propagated by:

receiving said request message;

generating an other request message requesting said infor-

mation associated with said particular multicast chan-
nel:;

setting a timeout value; and

sending said other request message to said plurality of

downstream nodes of said multicast network based on
said multicast topology and said particular multicast
channel.

16. The computer-readable medium as recited in claim 14,
wherein said request message 1s propagated by:

receiving said request message from an upstream node of

said multicast network, wherein said request message
comprises an 1dentification of said upstream node that 30
sent said request message to provide a trace to respond to
said upstream node.

17. The computer-readable medium as recited 1n claim 14,
wherein said plurality of downstream nodes comprise end
nodes of said multicast network, and wherein each of said end 35
nodes transmits said multimedia program to one or more of
said number of users recerving said multimedia program on
said particular multicast channel.

18. The computer-readable medium as recited 1n claim 14,
wherein said particular multicast channel comprises a total
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number of registered users, and wherein said number of users
receiving said multimedia program 1s less than said total
number of registered users of said particular multicast chan-
nel.

19. The computer-readable medium as recited 1n claim 15,
wherein said plurality of response messages are propagated
by:

recerving said plurality of response messages from said

plurality of downstream nodes; and

generating a further response message including an accu-
mulation of said number of users 1dentified 1n each of
said plurality of response messages when said timeout
value elapses.

20. The computer-readable medium as recited 1n claim 14,
wherein said upstream node comprises a top node of said
multicast network, and wherein said plurality of downstream
nodes comprise end nodes that transmit said multimedia pro-
gram directly to said number of users.

21. The apparatus as recited 1n claim 7, wherein said mul-
ticast network comprises a plurality of multicast channels
configured to transmit different multimedia programs to one
or more of said plurality of endpoints.

22. The computer-readable medium as recited 1n claim 14,
wherein said request message 1s propagated in a recursive
mannet.

23. The apparatus as recited 1n claim 8, wherein said par-
ticular multicast channel comprises a total number of regis-
tered users, and wherein said number of users receiving said
particular multicast channel 1s less than said total number of
registered users.

24. The method as recited 1n claim 3, wherein said end node
1s connected to said plurality of endpoints configured to
receive said program transmission.

25. The method asrecited in claim 1, wherein said program
comprises a multimedia program.

26. The method as recited 1n claim 1, wherein said program
comprises a video program.
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